NATURE 


[March 31, 1921 


138 


Geograph, Soc,, December, 1866). 1 would have pro¬ 

ceeded' by the head of the Tambur River, with 
Hooker as my guide—made the attempt, at any rate, 
and, failing in that route in Nepal, taken that of the 
Doukia La and got on to the Arun drainage as soon 
as possible. I would have gone, preferably alone, 
with a very small establishment of hillmen, Lepchas 
or Bhutias—men who know something of the 
country and of the habits of the people. It is essential 
also to have a man of position and rank with the 
party; success depends greatly on him. 

I would have taken a very limited store of pre¬ 
served food, trusting as much as possible to the 
country for all supplies for my men and myself. 
Sheep are always procurable; on the Pangkong I 
lived solely on mutton and the few birds I shot. At 
that time I had an invaluable man as chuprasie and 
interpreter; he had come with me from Ladak. Born 
at Leh, his father was a Kashmiri merchant and his 
mother a Ladaki. He spoke Hindustani, Punjabi, 
and Tibetan; he had the assurance and manner of the 
Indian, with a knowledge of the religion and habits 
of his mother’s race. His religion, Mohammedan, 
sat lightly upon him, and he was quite at home 
among Buddhists. 

The survey work over a large area is easy, but 
some of it must be stiff, particularly where the 
descent off the high plateau commences. The 
accurate fixing of stations in advance will necessitate 
going over much ground and take time, for trigo¬ 
nometrical points are few. The base of my work in 
1863 would have been in Sikkim, since all surveyed. 
The present base is the frontier itself, and I fancy 
a large area of this is known north of Chumbi. It 
is reallv only one man’s work. To show this, I 
put on record here how the topography of the Kashmir 
territory was done, and refer anyone interested to 
my paper read before the Royal Geographical Society 
on January 11, 1864, with a map of Baltistan attached. 
This covers some 4000 square miles plane-tabled in 
the summers of 1S60 and 1861—a most difficult, lofty, 
and glaciated country, entailing much climbing. 

The Duke of the Abruzzi had this map to guide 
him when he made his expedition to the great Baltoro 
glacier. This glacier I was fortunate to be the first 
European to see and follow up to the base of the 
second highest peak in the Himalayas, and I was 
then within seventeen miles of the summit. 

Having spent the best years of my life on the Hima¬ 
layas or in sight of them, and collected and written 
on the fossil and recent fauna, I naturally take a 
deep interest in the exploration of Tibet which now 
seems possible. I should be sorry to see any difficulty 
arise, political or otherwise. 

We are living in an extravagant age. Nothing ap¬ 
parently can be done except on a vast scale; more is 
spent than need be. The size of the expedition may 
frighten the Tibetans and lead to difficulties, as it did 
before when another large expedition was to have 
entered the country. H. H. Godwin-Austen. 

Note, Godaiming, Surrey, March 16. 


Molecular Size and Range of Molecular Attractions in 
Solutions. 

The dimensions of a molecule of starch, according 
to the estimate of Lobrv de Bruvn, are of the order of 
50 Angstrom units. Protein molecules containing 
sulphur in the form of a cystine group, if that sulphur 
amounts only to 1 per cent,, as is commonly the case, 
must have a molecular weight of not less than 6000; 
and in the case of haemoglobin. as is familiar, the 
percentage of iron points to a molecular weight nearly 
three times this value. The dimensions of protein 
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molecules are probably, therefore, of the same order 
as those of the starch molecule. 

The radius of the sphere of molecular attractions is 
also commonly estimated at 50 Angstrom units. This 
means that in a solution of a substance the molecules 
of which are of the size attributed to the molecules of 
starch and many proteins, a molecule of the solute 
will keep the molecules of the solvent on opposite 
sides of it at such a distance from each other as to 
be just out of range of each other’s influence. The 
molecules of the solvent at its surface must tend to 
behave as if they were in a free surface of the solvent 
faced by the solute—that is to say, they will be sub¬ 
ject to internal pressure the resultant of which will 
act in a line normal to the surface tending to draw 
them away from it. Supposing that the molecules are 
spherical, and that a sphere representing one of them 
has as its diameter the radius SC (Fig. 1) of the 
sphere of molecular attraction about a molecule of 
solvent at its surface at C : if a plane bisecting, this 
sphere of attraction be drawn tangential to the mole¬ 
cule of solute through the line AB, which passes 
through the molecule of solvent at the point C, then 
the hemisphere ALB is the space within which other 
molecules of solvent are all free to exert their attrac¬ 
tion upon C, the resultant being a force acting in the 
direction CL, as would be the case were it in a plane 



s 



surface of the solvent. The other hemisphere ASB -is 
occupied as to one-quarter of its volume by the mole¬ 
cule of solute, and the remaining three-quarters is 
so disposed that the resultant of the attractions 
exerted by the molecules of solvent in it which acts 
in the direction CS is a fraction much smaller than 
three-quarters of the opposite force acting in the direc¬ 
tion CL, and therefore the sum of the two opposing 
forces is a considerable force in the direction CL, 
much greater than one-quarter of the internal pressure 
of a molecule in a plane surface of the solvent; in the 
case of water, therefore, more than 2500 atmospheres. 

If the diameter of the molecule of solute were but 
half that attributed to the molecule of starch, its 
volume would be reduced to one-eighth of that in the 
case presented in Fig. 1, and the fraction of the hemi¬ 
sphere ASB which it would occupy would be one- 
thirty-second instead of one-quarter. The force acting 
in the direction CS would be correspondingly increased, 
and the resultant of this and its opponent would be a 
force in the direction CL merely somewhat more than 
one-thirty-second of the internal pressure on a mole¬ 
cule in a plane surface. 

In the case of a molecule of the size attributed by 
Nernst to a molecule of carbon dioxide, little more 
than one-twentieth of that of a molecule of starch, 
the fraction of the hemispherical space ASB which 
it would occupy would be about 1/32000, and the 
force tending to remove a molecule of solvent from 
its surface would be about eight thousand times 
smaller than that acting on solvent molecules in con¬ 
tact with a molecule of starch, and something of the 
order of 1/32000 of the internal pressure in a free 
plane surface. 
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If, on the other hand, a suspended particle of 
dimensions double that of a molecule of starch be 
considered, the fraction of the hemisphere ASB (Fig. 2) 
which would be occupied by the suspended particle 
would be five-eighths, and would include all that part 
of it where any effective component in the direction 
CS could be developed, so that the resultant acting 
on a molecule of the surrounding liquid at C in this 
case would be considerably more than five-eighths of 
the full internal pressure at a plane surface. 

Front such considerations it is clear that in passing 
front molecules of the dimensions estimated for those 
that give true solutions to molecules of the size that 
is compatible only with colloidal solution, if the rela¬ 
tion between these dimensions and the radius of the 
sphere of molecular attraction is such as has been 
presented, a very great change in the behaviour of a 
solvent such as water must be observed. Considering * 
only, as has been done in this letter, the relations 
between the molecules of solvent, the force tending 
to withdraw these molecules from the surface of 
molecules of solute will be found to increase eight¬ 
thousandfold. The large molecules must be far more 
unstably dispersed than the small. As soon as they 
come within a distance of each other which is less 
than the radius of attraction for the solvent, they 
will be forced together by the internal pressure of the 
solvent. 

The force tending to remove a molecule of solvent 
from the surface of a particle 100 A. in diameter>| 
say = 75 per cent, of the internal pressure at a plane 
surface; a starch molecule 50 A. in diameter>J 
say- 33 per cent. ; a molecule 25 A. in diameter>i/32 
sav = 5 per cent.; a CO. molecule 25 A. in dia¬ 
meter 1/32000 say = 0 005 per cent. 

In this consideration of the conditions obtaining in 
solutions no account obviously has been taken of any 
forces except those in play between the molecules of 
solvent. The supposition of such forces carries with 
it the supposition also of similar forces acting between 
molecules of solute, and especially, too, between them 
and the molecules of solvent. When there is no at¬ 
traction between solute and solvent, even the small 
residuum of unbalanced internal pressure which a 
particle leaves free to act on the molecules of the 
dispersing medium when its dimensions are as small 
as those assigned to the molecule of carbon dioxide 
must result in its joining up with others of its kind— 
in fact, in its being insoluble. The difficulty that 
such considerations taken by themselves leave un¬ 
touched is the difference between the finite degrees of 
solubility peculiar to each kind of substance capable 
of dissolving in a solvent. J. B. Leathes. 

The University, Sheffield. 


Oceanographic Research in the British Empire. 

lx the interesting leading article in Nature of 
March 10, and in the discussion which preceded it, 
one method of conducting oceanographic research 
appears to have been practically ignored. We mean 
its encouragement in permanent institutions and by 
continued marine surveys in the diverse parts of the 
British Empire. You have rightlv laid stress on the 
importance of intensive study in particular localities, 
but we doubt whether research of the kind can be 
carried out in a satisfactory manner by parties de¬ 
tached for limited periods of time from an expedition 
of world-wide scope. There is nothing that has struck 
us more in our own work on the Indian seas and 
lagoons than the importance of returning again and 
again to the same place to investigate special 
problems. For example, in the investigation of the 
fauna of the Chilka Lake, a small offshoot of the 
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Bay of Bengal, now being completed by the Zoo¬ 
logical Survey of India, the true character of the fauna 
is being elucidated only by returning year after year 
and month after month to the same hunting-grounds; 
and it is not only the fauna to which this applies, for 
we find that the hydrography also must be studied 
again and again in years of different climatic condi¬ 
tions and at all seasons. The Chilka Lake is only a 
minute, almost isolated, fragment of the ocean, but 
in order to obtain a solid basis for the working out 
of any oceanographic problem recurrence is necessary, 
not only because conditions change from time to time 
—and in many parts of the ocean they change, so far 
as we know, very little—but also because detailed 
work on results obtained in the field inevitably opens 
new vistas, suggests unsuspected sources of error, and 
reveals paths that ought to be followed out. 

We would suggest, therefore, the possibility of 
giving further encouragement to local oceanographic 
investigations. Such investigations have hitherto been 
very largely, though by no means exclusively, of a 
faunistic nature; for example, Dr. Gilchrist’s work 
on the seas of Africa, that of the Australian Fisheries 
Department, and last, but not least, that of the 
R.I.M.S. Investigator in Indian seas. There is no 
reason, however, except the lack of physicists, to use 
the term in a broad sense, why this should be so, and 
even zoology, not to mention botany, still offers an 
unlimited scope for oceanographers. War has inter¬ 
fered with the work of the Investigator, but we have 
every reason to hope that her scientific researches will 
shortly be resumed under conditions more satisfactory 
than ever before, and that for at least one month 
every year the work of the ship will be devoted to 
purelv scientific research. The Madras Fisheries 
Department already possesses a small marine labora¬ 
tory in the Gulf of Manaar, and we hope that the 
Zoological Survey of India will shortly be in a position 
to open a larger one in the Andaman Islands, the 
seas round which, perhaps, offer as good oppor¬ 
tunities for oceanographic investigations of all kinds 
as any seas in the world. The interest of the Govern¬ 
ment of India in work of the kind is proved by the 
fact that the post of Surgeon-Naturalist to the Marine 
Survey of India has been in existence since 1875. 
Shortly before the war the trustees of the Indian 
Museum, with the. approval of the Government, con¬ 
sulted the leading marine biologists throughout the 
world as to the advisability of granting increased 
facilities to the Surgeon-Naturalist, and the Govern¬ 
ment accepted the practically unanimous verdict of 
the experts bv voting additional grants, etc. It has 
only been the war that has interfered with its 
Penerous proposals. We are not acquainted with 
details as to the encouragement given to oceano¬ 
graphic research in the Dominions, but the instances 
we have already cited are sufficient to prove that it 
has not entirely lacked sympathy, even if only from 
a strictly practical point of view. 

Would it not. perhaps, be more feasible to approach 
the different Governments of the British Empire, 
which abuts on the seas of all the world, to organise, 
with the aid of the experts in their employment, 
separate but co-ordinate research rather than to 
attempt to set on foot a single colossal expedition 
the cost of which is admitted at present to be pro¬ 
hibitive, while its course could not be permanent, or, 
indeed, extend for more than a comparatively few 
years ? 

N. Annandat.e, 

Director. Zoological Survey of India. 

R. B. Seymour Sewell, 

Surgeon-Naturalist to the Marine Survey 
of Tndia. 

Royal Societies’ Club, St. James’s Street. 
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